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ABSTRACT 
It is unclear how music elicits chills (emotional experiences accompanied by goosebumps, shivers and 
tingling sensations), and what psychological mechanisms underlie the response. Crucially, current 
explanations of chills struggle to encapsulate the variability of results linking the experience to musical 
features, psychophysiological activity and individual differences, suggesting there may be distinct types 
of musical chills elicited through different underlying mechanisms. This study aimed to distinguish two 
types of musical chills: Vigilance chills, linked to awe, expectancy and auditory looming, and social 
chills, linked to being moved, empathy and social bonding. Participants listened to four music excerpts 
containing moments of contrast (sudden dynamic changes). Two excerpts were paired with extra-musical 
information provided before listening, with the other two accompanied by visual animations; the 
information and animations emphasised either vigilance (i.e. musical structure) or social (i.e. bittersweet 
moving narrative) aspects, forming vigilance and social conditions for each stimulus. Participants 
reported chills via button presses, rated experiences of awe and being moved, and had skin conductance 
and temperature data collected; individual differences in cognitive processing style (empathising and 
systemising) were also explored. Results show that vigilance conditions elicited higher ratings of awe, 
and social conditions elicited higher ratings of being moved. Chills during experiences of awe (vigilance 
chills) were accompanied by increased skin conductance and decreased skin temperature compared to 
chills during experiences of being moved (social chills). Cognitive processing styles were unrelated to 
listener experiences. Findings are discussed in terms of chills theories, reinterpreting previous research, 
and broader music and emotion frameworks. 
 
Musical chills lack a clear consensual definition and conceptualisation, but are often characterised as 
subjective responses accompanied by goosebumps, shivers or tingles. Chills are indicators of strong 
emotion (Gabrielsson, 2011), peak pleasure (Blood & Zatorre, 2001; Ferreri et al., 2019; Salimpoor, 
Benovoy, Larcher, Dagher & Zatorre, 2011), and arousal (Rickard, 2004). Furthermore, chills have been 
linked to increases in skin conductance (Craig, 2005; Grewe, Nagel, Kopiez & Altenmüller, 2007), heart 
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rate (Grewe, Kopiez & Altenmüller, 2009; Sumpf, Jentschke, & Koelsch, 2015), and pupil dilation 
(Laeng, Eidet, Sulutvedt & Panksepp, 2016). Whilst the phenomenon has been associated with individual 
traits such as openness to experience (Colver & El-Alayli, 2016; McCrae, 2007; Nusbaum & Silvia, 
2011), and diverse listening contexts (Egermann et al., 2011; Nusbaum et al., 2014), most research has 
focussed on links between chills and musical features. This correlational work linked chills to crescendos 
(Panksepp, 1995), sudden dynamic or textural changes (Sloboda, 1991), entrances of a new voice or 
instrument (Grewe et al., 2007), unprepared harmonies (Sloboda, 1991), the human voice and lyrics 
(Bannister, 2020a), loudness, auditory roughness and spectral brightness (Bannister, 2020b; Bannister & 
Eerola, 2018; Nagel, Kopiez, Grewe & Altenmüller, 2008). 
 Despite extant research, there is little understanding of how music elicits chills. Currently, there 
are two emerging theoretical accounts that can be applied to the phenomenon, linked to vigilance or social 
bonding. The vigilance theory posits that music elicits chills via threat-signalling functions of 
goosebumps (Darwin, 1872), through processes including musical expectations (Huron, 2006) and 
auditory looming (Ghazanfar, Neuhoff & Logothetis, 2002; Neuhoff, 2001), where sounds with 
increasing loudness are perceived as approaching oneself. These vigilance processes might involve fear, 
although this may not be phenomenologically present during chills experiences. This theory explains 
correlations between chills and dynamic changes, crescendos and unprepared harmonies in music (Grewe 
et al., 2007; Panksepp, 1995; Sloboda, 1991), but fails to account for effects of lyrics or the human voice 
(Bannister, 2020a), and chills responses with film, videos and poetry (Bannister, 2019; Benedek & 
Kaernbach, 2011; Grewe, Katzur, Kopiez, and Altenmüller, 2010; Wassiliwizky, 2015; Wassiliwizky, 
Koelsch, Wagner, Jacobsen & Menninghaus, 2017a). Alternatively, social bonding theory suggests that 
music elicits chills through thermoregulatory functions of goosebumps, as an artefact of crossovers 
between thermoregulatory and socio-emotional systems in the brain and in behaviour (Chartrand & 
Bargh, 1999; IJzerman et al., 2015; IJzerman et al., 2012; Inagaki & Eisenberger, 2013; Kang, Williams, 
Clark, Gray & Bargh, 2011; Nelson & Panksepp, 1998; Panksepp, 1998; Panksepp & Bernatzky, 2002; 
Panksepp, Knuson & Pruit, 1998; Zhong & Leonardelli, 2008). Underlying mechanisms may include 
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empathy, social belonging, motor mimicry, synchrony and entrainment; these may result in intensified 
communal sharing relations and experiences of being moved or kama muta (Fiske, Seibt & Schubert, 
2017), in which listeners feel social equivalence and sameness with aspects, narratives or personas in 
music (Robinson & Hatten, 2012). Social bonding theory might explain links between chills and the 
human voice, lyrics, feeling understood by music, and perceiving social union and interactions in music 
(Bannister, 2020a; Gabrielsson, 2011); furthermore, this theory better accommodates chills responses 
reported with films, videos and poetry (Bannister, 2019; Wassiliwizky et al., 2017a); finally, social 
bonding perspectives encapsulate associations between chills and being moved (Wassiliwizky, 2015; 
Zickfeld, Schubert, Seibt & Fiske, 2019) or kama muta (Schubert, Zickfeld, Seibt & Fiske, 2018). 
 
Distinct Types of Musical Chills 
 
When appraised separately, vigilance and social bonding accounts fail to encapsulate the variability of 
results across existing chills research. However, whilst each perspective is insufficient in explaining the 
phenomenon alone, either theory may be applicable in certain contexts; musical chills may be elicited 
through vigilance or social processes, depending on the combination of music, listener and situation, with 
these different processes resulting in psychologically distinct musical chills experiences. 
 Distinct types of musical chills appear plausible and have been suggested (Levinson, 2006; 
Panksepp, 1995; Pelowski, Markey, Forster, Gerger & Leder, 2017), given that chills are a highly variable 
experience across and within individuals, accompanied by diverse feelings, psychophysiological activity, 
and bodily reactions. Recent work found considerable variability in subjective feelings and emotions 
accompanying musical chills (Bannister, 2020a), reflecting previous research (Grewe et al., 2010; 
Halpern, Blake & Hillenbrand, 1986). Inconsistent results are reported across psychophysiological 
measures accompanying chills: Decreases in skin temperature have been documented (Salimpoor, 
Benovoy, Longo, Cooperstock & Zatorre, 2009), though null findings are reported elsewhere (Blood & 
Zatorre, 2001; Craig, 2005); heart rate may increase (Benedek & Kaernbach, 2011; Salimpoor et al., 
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2009; Sumpf et al., 2015), although Guhn, Hamm and Zentner (2007) reported null results; and skin 
conductance often increases during chills (Benedek & Kaernbach, 2011; Blood & Zatorre, 2001; Grewe et 
al., 2007; Salimpoor et al., 2009), though Rickard (2004) reported little correspondence. In neuroimaging 
approaches, Salimpoor et al. (2011) described an anatomical release of dopamine during musical chills in 
the nucleus accumbens, compared to moments preceding the response; however, Wassiliwizky et al.  
(2017a) documented nucleus accumbens activity in moments preceding chills responses with poetry. 
Additionally, the role of personality traits is unclear: Openness to experience has been linked to chills 
(Colver & El-Alayli, 2016; McCrae, 2007; Nusbaum & Silvia, 2011), but recent work found no 
relationship (Starcke, von Georgi, Tiihonen, Laczika & Reuter, 2019); similar inconsistencies exist for 
neuroticism, agreeableness and extraversion (Maruskin, Elliot & Thrash, 2012; Nusbaum & Silvia, 2011; 
Sumpf et al., 2015). Chills may co-occur with tears (Wassiliwizky, Jacobsen, Heinrich, Schneiderbauer & 
Menninghaus, 2017b), although Mori and Iwanaga (2017) suggest that chills and tears reflect distinct 
types of peak experience. Finally, chills resemble the autonomous sensory meridian response (ASMR; 
Kovacevich & Huron, 2019), a response linked to certain sounds that can also be accompanied by 
goosebumps or pleasurable tingling sensations (del Campo & Kehle, 2016); however, ASMR is often 
linked to relaxation and related functions such as aiding sleep (Barratt & Davis, 2015), which is 
seemingly at odds with high arousal characteristics of chills (Rickard, 2004). 
 Distinct chills experiences have been explored by Maruskin et al. (2012), who proposed a 
distinction between ’goosetingles’ and ’coldshivers’, reflecting approach and avoidance behaviours 
respectively. Using multimedia items, Bannister (2019) reported three chills categories, namely warm, 
cold and moving, that were driven by thematic properties of stimuli including depictions of social 
communion (e.g. a crowd singing together), love (e.g. reunion between pet and owner), emotional distress 
(e.g. war veteran marching alone at memorial) and empathic concern (e.g. a person comforting an 
orphaned gorilla); moving chills were further predicted by trait empathy characteristics of participants. 
However, whilst these two studies provide preliminary evidence for differences across chills responses, 
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neither approach was sufficiently nuanced in their consideration of chills during aesthetic engagements, 
and little focus was placed on experiences of musical chills. 
 Crucially, considering recent evidence, inconsistencies across most aspects of musical chills 
research may be reconciled by conceptualising the phenomenon as several distinct psychological 
experiences, that share physical reactions like goosebumps. From this perspective, conflicting results may 
be due to researchers investigating different chills experiences in each study, without explicit awareness. 
Consequently, comparisons or continuity across existing chills research could be compromised, with 
substantial implications for extant and future research on the response. Pertinently, vigilance and social 
bonding theories of chills provide a foundation for investigating these differences as a two-component 
theory of musical chills, distinct from a separation between approach and avoidance chills (Maruskin et 
al., 2012), and from the chills categories reported by Bannister (2019). Therefore, this study aimed to 




Two distinct types of musical chills are proposed, labelled vigilance chills and social chills, derived from 
vigilance and social bonding theories. In a musical context, it is proposed that these types of chills can be 
experimentally separated at the levels of stimulus and experimental manipulations performed, self-reports 
of subjective feeling, psychophysiological activity, and individual differences across listeners. What 
follows is a set of theoretical predictions for each of these factors in relation to musical chills.  
 
Stimulus and Experimental Manipulation 
 
Theoretically, vigilance chills should be elicited by features linked to expectancy and auditory looming, 
such as crescendos and new or unprepared harmonies. Social chills might best be elicited by the human 
voice (Bannister, 2020a), lyrical or narrative content, or ‘super-expressive’ instruments (Juslin, 2001). 
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 Importantly, moments of contrast in music might be capable of eliciting either vigilance chills or 
social chills. Contrast encapsulates several features linked to vigilance chills (Grewe et al., 2007a; 
Panksepp, 1995), but contrast is also pervasive in discussions of narrative, and communicating moments 
of narrative salience (Burnham, 2000; Graesser, Singer & Trabasso, 1994); this was recently explored by 
Margulis (2017), with moments of contrast possibly serving as auditory analogies to key moments in 
narrative, not unlike moving scenes and events linked to chills in film (Wassiliwizky, 2015). 
Additionally, experiences of kama muta associated with chills have been characterised as a sudden 
intensification of communal sharing relations, which may also be closely linked to moments of musical 
contrast. 
 Consequently, selecting musical excerpts with ’built-in’ moments of contrast, like a sudden 
dynamic change, allows for manipulations of the same piece of music, to bias listeners towards 
experiencing vigilance or social chills. When manipulating experiences of music, two approaches have 
been shown to influence musical emotions in previous work: Firstly, providing extra-musical information 
prior to listening has been repeatedly shown to affect listener experiences (Miu & Baltes, 2012; 
Vuoskoski & Eerola, 2015); and secondly, visual information provided alongside music and music 
performances shows notable effects on experience and perception of emotion whilst listening (Thompson, 
Graham & Russo, 2005; Thompson, Russo & Quinto, 2008; Vuoskoski, Thompson, Clarke & Spence, 
2014). As the current study aimed to provide a broad causal investigation of a two-component theory of 
musical chills, both methodologies were utilised, with each aiming to bias listeners towards experiences 




Vigilance and social chills may be characterised by feelings of awe and being moved respectively. Awe is 
an emotional state associated with interest and fascination (Izard, 1977), expectancy and surprise (Frijda, 
1986), threat and fear (Gordon et al., 2016), humility (Stellar et al., 2018), feelings of the small self (Piff, 
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Dietze, Feinberg, Stancato & Keltner, 2015), and importantly, chills responses (Konečni, 2005; Schurtz et 
al., 2012). Keltner and Haidt (2003) described awe as involving encounters with vastness (something 
perceived to be larger or grander than oneself), alongside a need for cognitive accommodation 
(adjustment of mental representations to understand the experience). These key aspects of awe 
characterise the experience in relation to engaging with novel and complex stimuli or events (Campos, 
Shiota, Keltner, Gonzaga & Goetz, 2013); crucially, the musical features and underlying mechanisms 
possibly linked to vigilance chills, such as auditory looming and musical expectancy, may reflect listening 
experiences that can be framed in terms of an encounter with something vast, and something that requires 
a need for cognitive accommodation. Consequently, awe could serve as an affective signature of vigilance 
chills with music. 
 In contrast, social chills may be indicated by experiences of being moved. This concept, 
associated closely with kama muta (Fiske et al., 2017), is a pleasurable, mixed affective response linked 
to significant life events (Kuehnast, Wagner, Wassiliwizky, Jacobsen & Menninghaus, 2014), reunions 
(Cova & Deonna, 2014), bittersweet film scenes (Wassiliwizky et al., 2015), and sad music (Vuoskoski & 
Eerola, 2017); being moved has also repeatedly been associated with chills responses (Bannister, 2020a; 
Benedek & Kaernbach, 2011; Laeng et al., 2016; Wassiliwizky et al., 2015). Being moved may reflect 
intensified communal sharing relations (sudden sense of equivalence or sameness between oneself and 
another person, stimulus or concept); crucially, aspects of music possibly linked to social chills, including 
the human voice, ‘super-expressive’ instruments, lyrics, or narrative qualities, may reflect experiences of 
being moved. Therefore, given the links between being moved and chills, being moved may provide an 
affective signature of social chills with music. 
 It has been theorised that awe, being moved and chills reflect a similar underlying experience, 
varying in terms of intensity (Konečni, 2005), although these relationships have yet to be explicitly 
explored. Indeed, recent work has approached awe as a collective emotion, serving to diminish a sense of 
self and facilitate assimilation and oneness with broader social systems (Spears et al., 2011); these social 
underpinnings appear comparable to being moved and kama muta concepts (Fiske et al., 2017; 
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Menninghaus et al., 2015). However, whilst there is a degree of overlap, there are three reasons to frame 
awe and being moved as separable experiences. Firstly, whilst awe and being moved are associated with 
social functions, the responses sit in conceptual opposition to each other; being moved could indicate 
intensified communal sharing relations, bonding or social equivalence (Zickfeld et al., 2019), whereas 
awe encapsulates social difference, subordination to people or stimuli grander or vast beyond oneself, and 
assimilation into social hierarchies (Keltner & Haidt, 2003). Secondly, common conceptualisations of 
awe indicate the importance of threat or fear in the response, reflecting the vigilance theory of chills 
(Gordon et al., 2016; Konečni, 2005; Shiota et al., 2007); but, most accounts of being moved place little 
to no importance on these factors, suggesting that there are distinct psychological mechanisms underlying 
the two experiences. Thirdly, recent evidence suggests that experiences with videos linked to awe and 
kama muta involve distinguishable patterns of physiological activity; for example, responses to awe 
videos were linked to increased tonic skin conductance and decreased skin temperature when compared 
with responses to being moved videos (Zickfeld, Arriaga, Santos, Schubert & Seibt, 2020). In short, awe 
and being moved seem dissociable at the theoretical level, in terms of psychological mechanisms, and 
with regards to psychophysiological responses. 
 Whilst awe and being moved are central subjective feeling aspects linked to a two-component 
theory of musical chills, a crucial consideration for this study is using moments of contrast in music as 
malleable periods, in which experiences may be biased towards either vigilance or social chills with 
experimental manipulations. Importantly, it remains likely that for any listening condition in the 
experiment, both awe or being moved responses are possible for listeners, and consequently the 
experimental manipulations are not expected to produce consistent global effects across listeners, 
especially given the idiosyncratic qualities of music listening and chills (Grewe et al., 2007). Therefore, 
an analysis of chills experiences across the level of experimental manipulation would be difficult to 
interpret. An effective solution to address this is to produce a moved-awe emotional index scale from awe 
and being moved ratings, which captures whether experiences more strongly reflect awe, being moved, or 
balanced responses. This moved-awe emotional index would serve as the primary level of analysis, to 
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evaluate the effectiveness of experimental manipulations, to characterise chills reports as vigilance or 
social chills, to explore how psychophysiological responses differ across these chills categories, and to 
identify possible effects of individual differences. It was predicted that awe experiences would be 
stronger when stimuli were manipulated to induce vigilance chills (vigilance condition), and being moved 




There is evidence to suggest that vigilance and social chills responses are separable through skin 
conductance and skin temperature activity. Increased skin conductance, indicative of arousal, attention 
and heightened sympathetic nervous system activity (Boucsein, 2012), has been found in experiences 
linked to vigilance chills. Steinbeis, Koelsch and Sloboda (2006) found that unexpected chords elicited 
skin conductance increases, with the degree of harmonic violation correlating with amplitudes of the skin 
conductance response (Koelsch, Kilches, Steinbeis & Schelinksi, 2008); similar results were found 
through probabilistic modelling of live concert music listening (Egermann, Pearce, Wiggins & McAdams, 
2013). Comparable findings are reported for acoustic intensity increases in stimuli, linking auditory 
looming to increased skin conductance (Bach et al., 2008; Bach, Neuhoff, Perrig & Seifritz, 2009). Music 
expressive of fear often results in increased skin conductance levels (Khalfa, Peretz, Jean-Pierre & 
Manon, 2002; Lundqvist, Carlsson, Hilmersson & Juslin, 2009), and loudness has also been correlated 
with skin conductance (Cheun, Sears & McAdams, 2016; Grewe et al., 2007). In broader work, startle 
reflexes are accompanied by skin conductance increases (Bradley, Codispoti, Cuthbert & Lang, 2001; 
Bradley, Lang & Cuthbert, 1993), overall characterising skin conductance increases as a sympathetic 
nervous system response to sudden changes, incoming threats and unexpected events. Interestingly, there 
is less evidence to suggest a clear increase in skin conductance derived from social bonding processes, 
although studies that characterise chills as indicative of being moved also note significant peaks in skin 
conductance (Benedek & Kaernbach, 2011; Wassiliwizky, 2015). 
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 Literature on skin temperature suggests that vigilance chills could be accompanied by decreases 
in skin temperature for two immediate reasons. Firstly, fear or vigilance responses, associated with 
unexpected events, incoming threats and sudden changes, have been linked to skin temperature decreases 
(Collet, Vernet-Maury, Delhomme & Dittmar, 1997; Ekman, Levenson & Friesen, 1983); comparable 
findings were reported in response to fear music compared to happy music (Baumgartner, Esslen & 
Jäncke, 2006; Krumhansl, 1997). Secondly, the biological mechanisms of skin temperature are linked to 
sympathetic nervous system activation, such that when sympathetic nervous system activity increases in 
response to unexpected events or possible threats (resulting in skin conductance increases), 
vasoconstriction also occurs, resulting in lower temperatures in extremities such as the skin (Vos et al., 
2012; Wallin, 1981); in short, the biological mechanisms suggest that increases in skin conductance due 
to heightened sympathetic nervous system activity should be accompanied by decreases in skin 
temperature. Crucially, there is also growing evidence to suggest that social chills might be accompanied 
by increased skin temperature. For instance, social isolation, elicited in a computerised ball toss paradigm, 
has been linked to skin temperature decreases (IJzerman et al., 2012; see also Zhong & Leonardelli, 
2008); additionally, experiences of social closeness have been associated with increases in body 
temperature (Inagaki & Eisenberger, 2013; Inagaki & Human, 2019). 
 Given the existing literature and evidence around skin conductance and skin temperature, it was 
predicted that vigilance and social chills with music may be accompanied by distinct patterns of 
physiological activity, with vigilance chills accompanied by increased skin conductance and decreased 
skin temperature compared to social chills. These predictions resemble recent findings linking responses 
to kama muta videos with increased skin temperature and decreased skin conductance compared to 
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One intuitive framework for linking vigilance and social chills to possible individual differences is the 
empathising-systemising distinction of cognitive processing styles (Baron-Cohen & Wheelwright, 2004), 
proposing that individuals can be categorised into three main ‘brain types’ that reflect variations in 
cognitive processing preferences: Systemisers prefer to process stimuli in terms of rules, patterns and 
syntax; empathisers tend to process stimuli at the socio-emotional and empathic level; and balanced types 
present tendencies for both processing styles and reflect much of the neurotypical population (Greenberg, 
Warrier, Allison & Baron-Cohen, 2018). Chills have recently been linked to trait empathy (Bannister, 
2019), complimenting existing relationships between being moved and empathy (Eerola et al., 2016); 
however, there are no clear explorations of systemising tendencies and chills in previous research , though 
recent work has suggested that these cognitive styles are related to aspects of musical engagement, such 
as preferences (Greenberg et al., 2015). Despite this, these empathising-systemising styles map intuitively 
on to the vigilance and social chills distinction, and were included as an exploratory variable in the 
current study; preliminary predictions were that empathising would be linked to being moved and more 
chills during social stimulus conditions, and systemising would be associated with awe and more chills 
during vigilance stimulus conditions. 
 
Outline of the Current Study 
 
To accommodate the varied results across research on musical chills, the current conceptualisation of the 
response describes two distinct types of chills in response to music, linked to either vigilance or social 
bonding mechanisms. These experiences may be separable at the levels of stimulus and experimental 
manipulation, subjective feeling, physiological response, and individual differences. 
 The central aim of this study was thus to provide empirical evidence for a two-component theory 
of musical chills. The formalised hypotheses were as follows: 
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• H1: Stimuli manipulated to emphasise structure or social narrative would elicit stronger 
experiences of awe (vigilance chills) and being moved (social chills) respectively, reflected by a 
moved-awe emotional index. 
• H2: Chills reported within experiences of awe would be characterised by increases in skin 
conductance and decreases in skin temperature. Chills reported within experiences of being 
moved would be characterised by increases in skin temperature, with no prediction made for skin 
conductance. 
• H3: Empathisers would report stronger being moved responses, and more chills in response to 
social stimulus conditions. Systemisers would report stronger awe experiences, and more chills in 






This study was fully approved by the Durham University Department of Music Ethics Committee 
(institutional approval reference: MUS-2019-01-11T10:48:25), and all aspects of this research were 
executed in line with the institution’s ethical and governance guidelines. All participants in the study were 
aged 18 or older, and all provided written informed consent after being presented with participant 
information sheets, outlining the experimental procedure and the processing, storage and security of data 




A listening experiment was designed using four pieces of music, split into two blocks of listening. In the 
first, participants listened to two different pieces of music, with extra-musical information provided about 
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the piece before listening; this information either emphasised the overall dynamic structure of the piece 
(vigilance condition), or described an emotional narrative that reflected the structural development of the 
music (social condition). In the second block, participants listened to the other two music excerpts, 
accompanied by a visual animation; this would either be a circle that increased or decreased in size and 
motion velocity to reflect the dynamic intensity of the music (vigilance condition), or an animation that 
communicated a bittersweet, moving story (social condition). To control for order effects or fatigue, 
stimulus presentation order was randomised within each experimental block. However, the experimental 
block order was kept constant (extra-musical information followed by visual accompaniment); this was to 
control for confounding variables such as visual imagery that might persist if experimental blocks were 
reversed. 
 The dependent variables were the frequency of chills reports via button presses, skin conductance 
and skin temperature during chills reports, and the moved-awe emotional index calculated from awe and 
being moved ratings. The independent variables were the vigilance or social conditions for each of the 
four stimuli. Finally, individual differences were assessed in terms of the empathising-systemising 
distinction. The experiment followed a within-subjects design, where participants listened to all four 
stimuli, but received one vigilance and social condition in the first block, and one of each in the second 




In total, 44 participants took part in the experiment (mean age = 27.56, SD = 7.44, range = 20-55). Of the 
sample, 17 were male, 27 were female, 36 reported being a student, and 40 reported playing a musical 
instrument. Participants were recruited through institutional mailing lists, social media, and poster 
advertisements across the University campus. A pre-screening process confirmed that all participants had 
experienced chills with music previously. This sample size was derived from existing correlational and 
causal studies of musical chills (Bannister, 2020b, N = 40; Bannister & Eerola, 2018, N = 24; Craig, 2005; 
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N = 32; Egermann et al., 2011, N = 14; Grewe et al., 2007, N = 38; Rickard, 2004, N = 21; Salimpoor et 
al., 2009, N = 32). Sample descriptives are available in the Supplementary Material. 
 




Four stimuli were utilised in the experiment: Glósóli by Sigur Rós (duration: 6 minutes, 18 seconds), 
Prayer by Ernst Bloch (duration: 5 minutes), the fourth movement of Pines of Rome by Ottorino Respighi 
(duration: 5 minutes, 35 seconds), and a video game music excerpt from Final Fantasy IX called Behind 
the Door, composed by Nobuo Uematsu (duration: 2 minutes, 5 seconds). These stimuli were selected to 
contain a key moment of structural contrast (e.g. sudden dynamic change), and for their documented 
efficacy to elicit chills and emotions both in previous research (Bannister, 2020a; Bannister & Eerola, 
2018; Juslin, Barradas & Eerola, 2015; Juslin, Harmat & Eerola, 2014), and across social media forums 
such as Quora, YouTube and Reddit. Additionally, stimuli were chosen on the basis that they would be 
unfamiliar; using a familiarity scale of one (unfamiliar) to five (very familiar) after each piece, this was 
confirmed in the experiment (Prayer: M = 1.39, SD = 0.84; Pines of Rome: M = 1.58, SD = 0.95; Glósóli: 
M = 1.95, SD = 1.31; Behind the Door: M = 1.40, SD = 0.72). For stimulus descriptions and sources, see 




In the first experiment block, the pieces Prayer and Pines of Rome were used, preceded by text 
descriptions that emphasised the structural development in the music (vigilance), or social and narrative 
elements (social). These full texts are provided in the Supplementary Material. 
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 For the second block, the pieces Glósóli and Behind the Door were used, presented alongside a 
visual animation. For vigilance conditions, an animation was created using Adobe AfterEffects; for both 
pieces this was a white circle on a black background, to avoid priming of emotion concepts via colour 
(Curwen, 2018; Ou, Luo, Woodcock & Wright, 2004). This circle increased or decreased in size, 
thickness and motion in relation to the general dynamic contour throughout the piece; during the moment 
of dynamic climax in both pieces, the dimensions of the circle would be displaced and distorted, resulting 
in a rapidly rotating and large noise-like circle, intended to visually emphasise structural developments in 
music linked to vigilance mechanisms. To create social conditions, short animations were utilised. For 
Glósóli, an animated film called The OceanMaker was used; for Behind the Door, an excerpt from the 
film Storks was used; both animations were edited to fit the scenes with the musical structure. These 
animations represent positively (reunion after separation) or negatively moving (self-sacrifice for the 
greater good) scenarios linked to being moved (Wassiliwizky, 2015), and these moments were 
synchronised with key moments of contrast within the music; both joyfully and sadly moving scenarios 
were depicted in the social conditions to fully encapsulate current conceptualisations of being moved 
(Menninghaus et al., 2015; Tokaji, 2003). Descriptions and sources for these animations are provided in 
the Supplementary Material. 
 Importantly, whilst experimental manipulations are not fully counterbalanced across stimuli (e.g. 
Glósóli is not paired with any text descriptions), this was considered an appropriate compromise in the 
current work for three reasons: Firstly, all stimuli have been linked to chills or shown experimentally to 
be effective elicitors, suggesting that stimulus and manipulation combinations are unlikely to affect the 
overall elicitation of chills in listeners; secondly, all stimuli were specifically selected to contain a key 
moment of contrast linked to chills (sudden dynamic change), and consequently it was anticipated that 
similar underlying mechanisms would be engaged by the music itself, allowing for an emphasis of the 
experimental manipulations and reduction in impact of any counterbalancing; finally, as this experiment 
was a theory-driven approach to establishing an initial and broad distinction between musical chills types, 
it was determined that maximising resources and data collection in the current design was optimal for this 
Vigilance and Social Chills with Music 17 
first iteration, to establish a foundation for future work on musical chills that enables informed and 
detailed investigations into interactions between stimulus and experimental manipulations, and 




After each stimulus, participants rated experiences of awe and being moved, utilised as indicators of 
vigilance and social chills respectively. For awe, items were extracted from the Awe Experience Scale 
(AWE-S; Yaden et al., 2019), a recently developed, internally consistent instrument correlated with 
existing tools previously used to indirectly assess awe (e.g. Shiota, Campos & Keltner, 2003). The AWE-
S is comprised of a six-factor structure, with three factors traditionally related to awe (Keltner & Haidt, 
2003; Shiota et al., 2007), and deemed appropriate for the theoretical basis of vigilance chills, labelled 
physical sensations, perceived vastness and need for accommodation. In total, 13 items were used from 
the AWE-S (Likert-type, 1-7), three pertaining to bodily activity and 10 to subjective feelings. 
 For being moved, items were taken from the KAMMUS-2 instrument (Zickfeld et al., 2019), a 
scale recently utilised and validated across different languages and contexts, consisting of five factors. Of 
these, three were utilised for the current experiment, which were physical sensations, appraisals (i.e. 
feelings of social connection) and motivations (e.g. for social connection), encapsulating feelings of 
communion, love and wanting to express social closeness with others; these reflect subjective feelings of 
kama muta linked to chills (Fiske et al., 2017), and changes in motivation and goal-orientation also 
associated with chills (Fukui & Toyoshima, 2014). Inclusion of the physical activity factor was motivated 
by balancing across ratings for awe and kama muta, and by evidence suggesting that chills can co-occur 
with various sensations (Algoe & Haidt, 2009; Maruskin et al., 2012; Wassiliwizky et al., 2017b) that 
may indicate meaningful differences in experience (Nummenmaa, Hari, Hietanen & Glerean, 2018). 
Overall, 11 items were utilised from the KAMMUS-2 (Likert-type, 1-7), three linked to bodily activity 
and 8 to subjective feelings. 
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 Importantly, items from both rating instruments were omitted from the experiment, as they 
referred to typical sensations associated with prevailing definitions of chills experiences provided to 
participants (e.g. goosebumps, shivers and tingling sensations). 
 Participants also rated their experiences in terms of familiarity with the stimulus (Likert-type, 1-
5), enjoyment (Likert-type, 1-7), and emotional intensity (Likert-type, 1-7). Regarding individual 
differences, cognitive processing styles of empathising and systemising were assessed, using the 
empathising quotient (EQ; Baron-Cohen & Wheelwright, 2004) and revised systemising quotient (SQ-R; 
Wheelwright et al., 2006). The EQ is comprised of 60 statements, containing 20 distractor items. For each 
statement, participants can score a maximum of two points and a minimum of 0, resulting in a possible 
score range of 0 to 80; higher scores reflect stronger empathising approaches. The SQ-R contains 75 
statements, with no distractor items. The maximum score per statement is two, and the minimum is 0, 
with a possible score range of 0 to 150; higher scores reflect stronger systemising tendencies. Across 
instruments, participants respond to statements with a strongly agree, agree, disagree or strongly disagree, 




Skin conductance and skin temperature were recorded in the experiment. Skin conductance data were 
collected using two electrodes (Ag/AgCL) attached to the distal phalanx of the index and middle fingers 
of the non-dominant hand. Skin temperature data were collected by attaching a thermistor, a small wire 
aligned with the palmar surface of the small finger of the non- dominant hand, with the end of the wire 
taped to the fingertip. Physiological data were sampled at the rate of 32Hz, and measurements were 
performed using the NeXus-10 MKII hardware and BioTrace software. Due to occasional technical 
difficulties with hardware, no physiological data were collected for three participants, data were only 
collected for three of four stimuli in 10 participants, and data were only collected for two of four stimuli 
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To measure chills experiences, participants reported the onset of chills in real time by pushing a button. 
Previous work often utilises physiological activity to validate self-reported chills experiences, by 
assessing whether button presses are accompanied by significant increases in skin conductance (Craig, 
2005; Egermann et al., 2011; Grewe et al., 2007). However, given the aim of investigating distinct types 
of musical chills, with physiological activity used as a distinguishing feature, these validation methods 
were not replicated, and button presses from participants were mostly retained for analysis. To control for 
abnormal behaviours in button presses that might influence results (e.g. overuse of the button, accidental 
pressing), button presses from a participant were omitted from analysis if they were within seven seconds 
of the preceding button press; this value was based on the average duration of chills experiences from 
previous work (Bannister, 2020b; Craig, 2005). Through this process, 36.3% of chills reports were 




Participants were tested separately, randomly assigned to one of two experimental groups. In group one, 
participants received vigilance conditions for Pines of Rome and Glósóli, and social conditions for Prayer 
and Behind the Door; this was reversed for group two (see Figure 1). Participants first familiarised 
themselves with the procedure and data protection standards, presented in a participant information 
screen; next, written informed consent was obtained through completion of a consent form, with a series 
of statements initialised and the form signed by participants. Before the experiment, participants 
completed demographic questions, whilst electrodes and thermistor were connected to their non-dominant 
hand. As a safety and control measure, the experimenter played a short piece of music to participants, 
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representing the maximum level of loudness to be encountered in the experiment; the volume of this 
music was set between experimenter and participant, aiming for the music to be as loud as possible 
without causing discomfort. Participants then moved through the first experimental block, providing self-
reports after each stimulus, and indicating chills in real time by pushing a button. After a break, 
participants moved through the second block, with the same procedure as the first. To conclude, 
participants completed the EQ and SQ-R instruments. Participants were paid £5 for participation. Data 
were fully anonymised throughout the collection and analysis procedures; the experiment took roughly 45 




Figure 1: Procedural outline of the experiment; stimulus orders within each experimental block were 
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counterbalanced across participants. 
Data Analysis 
 
All data analysis was performed in R; To analyse repeated-measures numerical data (self-report ratings, 
psychophysiological activity), linear mixed effects models were constructed to assess overall effects, 
implemented using the lme4 package (Bates, Mächler, Bolker & Walker, 2015). To assess the statistical 
significance of fixed effects fitted in these models, likelihood ratio tests were performed, comparing full 
statistical models with reduced models (i.e. no specified fixed effects); planned post-hoc contrasts (Tukey 
corrected) were also carried out to understand specific differences in data across the level of comparison. 
Effect sizes of the models were estimated using marginal R2 values following calculations from 




For EQ and SQ-R instruments, data were scored following negative or positive scoring structures, with 
distractor questions omitted.  
 For awe and being moved, responses were averaged for each stimulus, across 13 items from the 
AWE-S, and 11 items from the KAMMUS-2. As both instruments have recently been developed 
independently, it was unclear how rating patterns for both would be compared; in an early diagnosis, a 
principal components analysis of the subjective feeling scales (see the Supplementary Material) 
reported that both instruments showed reasonable separation given some conceptual overlaps between the 
two states (Fiske et al., 2017; Konečni, 2005; Menninghaus et al., 2015; Piff et al., 2015; Preston & Shin, 
2017; Spears et al., 2011; Stellar et al., 2018), but the distribution of awe scores was generally higher 
compared to being moved, suggesting a different behavioural range of reporting. To allow for more 
intuitive comparisons across 13 awe items and 11 being moved items, AWE-S and KAMMUS-2 average 
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ratings were normalised within each instrument, across participants; the same procedure was performed 
for EQ and SQ-R data, accommodating different scoring totals. 
 To accommodate the possibility that all listening conditions may elicit either vigilance or social 
chills responses, the likelihood that experimental manipulations would not produce global effects for 
idiosyncratic chills responses (Grewe et al., 2007), and the possible similarities between awe and being 
moved (Konečni, 2005), a continuous moved-awe emotional index scale was produced, by subtracting 
normalised mean being moved ratings from awe ratings for each participant and stimulus, (a method 
adapted from recent empathising-systemising research, e.g. Greenberg et al., 2018). This index followed a 
normal distribution, serving as the main dependent variable for subjective feeling that more clearly 
encapsulated and distinguished experiences of awe or being moved from those that were emotionally 
balanced. In this scale, negative values indicate stronger experiences of being moved, whilst positive 
values indicate stronger experiences of awe; scores tending towards zero reflect balanced experiences.  
The same procedure was carried out for empathising-systemising scores, producing a cognitive style 
scale; these scores were normally distributed, with negative values on this scale indicate strong 
empathising characteristics, and positive values reflect systemising tendencies. Crucially, given current 
limitations around understanding the conceptual scope of chills (Bannister, 2019), subjective reports from 
participants provide primary information around the phenomenon. Importantly, it was proposed that if the 
experimental conditions (vigilance vs. social) could predictably bias experiences towards awe and being 
moved respectively, then the moved-awe emotional index scores would serve as the foundation for 
categorising listening experiences as awe or being moved, and in turn provide a proxy for vigilance or 
social chills experiences; this moved-awe emotional index would also function as the primary level of 
comparison in which to assess differences in psychophysiological differences across chills reports, and 
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To investigate differences in psychophysiological data across chills reports, one strategy could be to 
average psychophysiological data across button presses for each participant and stimulus, and correlate 
these values with the moved-awe emotional index scale; however, this strategy is sensitive to varying 
magnitudes of moved-awe emotional index scores, which may not be appropriate when considering 
distinct chills experiences and complexities of physiological activity patterns (Khalfa et al., 2002), and a 
level of dissociation between subjective feeling and physiological response (Grewe, Nagel, Kopiez & 
Altenmüller, 2007b).  
 Alternatively, an additional analysis strategy less sensitive to varying magnitudes of ratings was 
to categorise listening experiences, by splitting the moved-awe emotional index scale into three equal 
proportions: scores in the 33rd percentile or lower were judged to reflect being moved experiences, scores 
in the 67th percentile or higher were classified as awe experiences, and all scores in between were 
assumed to indicated balanced affective experiences (see Figure 2). From this operation, chills reported 
within being moved experiences were classified as social chills, chills reported within awe experiences 
were categorised as vigilance chills, and chills reported during balanced experiences were also considered 
to be balanced chills responses. At this level of categorisation, psychophysiological data could be 
compared across three chills categories (vigilance, balanced and social). This categorisation procedure 





Skin conductance and skin temperature data were firstly detrended, to correct gradual linear decreases 
over time. Skin conductance data were then pre-processed and decomposed into phasic (SCR) and tonic 
(SCL) components (see Bannister & Eerola, 2018), using the continuous decomposition analysis method 
performed with the ’Ledalab’ package in MATLAB (Benedek & Kaernbach, 2010). The phasic SCR 
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served as a higher resolution measure of event-related response, and tonic SCL indicated slower trends in 
activity (Boucsein, 2012). 
 
 
Figure 2: Visualisation of the categorisation procedure for listening experiences from the moved-awe 
emotional index scores; these categories were separated according to the 33rd and 67th percentile values in 
the distributions. The y-axis indicates how many listening experiences received a corresponding moved-
awe emotional index score on the x-axis. 
 
Phasic SCR, tonic SCL and skin temperature were utilised as possible indicators of vigilance or social 
chills. Measures were normalised within each participant to account for individual differences in 
physiological activity (Khalfa et al., 2002). To characterise chills responses of participants, the 4 second 
epoch following each button press chills report was compared to the 4 second epoch directly preceding 
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the same button press; for all measures, the mean change in signal from pre- to post-button press was 
analysed. An epoch of 4 seconds was targeted in accordance with a two to four second delay of skin 
conductance activity following behavioural responses (Boucsein, 2012). The pre- to post-button press 
comparison was preferred over comparisons to a baseline epoch of physiological activity as previously 
utilised (Grewe et al., 2007a), given that the current focus was not on validating chills experiences, but on 
data that may reflect more closely the specific, temporal, differing qualities of chills responses; for 
example, by comparing to a baseline, some chills may be accompanied by ‘increased’ skin conductance 






The following descriptive statistics consider the frequency of chills reports across stimuli and conditions. 
For an overview, see Table 1; descriptive data are also presented in relation to the experimental 
manipulation modality (e.g. text information or visual animation) in Table 2. 
 
Table 1: Descriptive statistics across stimuli and conditions for chills frequency, familiarity (1-5), 
enjoyment (1-7), intensity (1-7), awe (1-7), being moved (1-7), and aggregated moved-awe emotional 
index scores. 













Vigilance Prayer 80 0.72 1.36 5.68 4.86 2.56 2.77 -0.22 
 Pines 96 0.81 1.71 4.61 3.38 2.52 1.68 0.65 
 Glósóli 105 0.75 1.81 4.59 3.13 2.42 1.76 0.25 
 Door 49 1.06 1.40 5.00 3.86 2.30 1.98 0.01 
Social Prayer 96 0.91 1.42 5.42 4.52 2.24 2.59 -0.34 
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 Pines 69 0.56 1.45 5.27 4.27 2.65 2.49 0.10 
 Glósóli 130 0.93 2.09 5.31 5.00 3.05 2.75 0.18 
 Door 67 1.46 1.40 4.68 4.36 2.25 2.79 -0.65 
 
With 44 participants experiencing four stimuli each (total = 176 experiences), 692 chills responses were 
reported via button presses, suggesting that the stimuli used and participants recruited resulted in an 
effective paradigm for eliciting chills in experimental settings. Of the 44 participants, only five reported 
no chills throughout the experiment, and the mean number of chills reported in a piece was 3.97 (SD = 
4.25, range = 0 - 20). 
 At the level of condition, social conditions resulted in more chills per minute (M = 0.96) 
compared to vigilance conditions (M = 0.84), with the social condition of Behind the Door reflecting the 
highest chills rate (M = 1.46). To assess whether chills frequency differed significantly across listening 
conditions (vigilance, social), linear mixed effects models were constructed; the dependent variable was 
chills per minute (to accommodate differing stimulus durations), the fixed effect was listening condition, 
and individual participants and the four pieces (Pines of Rome, Prayer, Glósóli, Behind the Door) were 
fitted as random effects. At the level of vigilance and social conditions, no significant difference was 
found for chills frequency (x2 = 2.27, df = 1, p = .13); across all stimulus and condition combinations 
(total = 8), Tukey post-hoc contrasts suggested that there were no significant differences in chills per 
minute values. 
 The level of modality was also considered, comparing across extra-musical information or visual 
animation approaches with a linear mixed effects model (modality as fixed effect, participant and four 
pieces as random effects); no significant differences in chills per minute values were found across 
modality (x2 = 2.16, df = 1, p = .14). These results suggest that chills were elicited similarly across 
stimuli, vigilance and social conditions, and the different modality approaches. 
 As a final analysis, linear mixed effects models were used to assess the frequency of chills reports 
in relation to the reported gender of the listener, and ratings of familiarity with the stimuli. Firstly, there 
were no differences in frequency of chills reports chills across gender (x2 = 1.57, df = 1, p = .20); 
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secondly, frequency of chills did not differ across familiarity ratings (x2 = 0.18, df = 4, p = .99), with most 
stimuli being unfamiliar to participants. 
 
Table 2: Descriptive statistics across experimental modality and condition for chills frequency, 
familiarity (1-5), enjoyment (1-7), intensity (1-7), awe (1-7), being moved (1-7), and aggregated moved-
awe emotional index scores. 












Information Vigilance 176 0.77 1.53 5.16 4.13 2.54 2.24 0.20 
 Social 165 0.73 1.44 5.34 4.39 2.45 2.54 -0.11 
Visual Vigilance 154 0.91 1.61 4.79 3.50 2.36 1.87 0.13 
 Social 197 1.19 1.75 5.00 4.68 2.65 2.77 -0.23 
 




To assess the first hypothesis (H1), subjective feeling data were firstly compared across vigilance and 
social stimulus conditions. Following the analysis strategy, aggregated moved-awe emotional index scores 
were utilised (see Figure 2). In assessing these values across vigilance or social stimulus conditions and 
modality with a linear mixed effects model (condition and modality fitted as fixed effects, individual 
participants and individual pieces fitted as random effects), a significant effect of condition was found (ß 
= -0.34, SE = 0.12, t = -2.84, p = .004), with vigilance conditions resulting in more positive scores, and 
social conditions leading to more negative scores; no effect of modality was found (ß = 0.10, SE = 0.41, t 
= 0.24), and no significant interaction between modality and condition was found (ß = 0.04, SE = 0.24, t = 
0.20). These findings support the first hypothesis, where by framing the same musical stimulus with a 
vigilance or social focus (using extra-musical information or visual animations), stronger experiences of 
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awe and being moved can be elicited respectively and predictably. Consequently, moved-awe emotional 
index scores were a validated, continuous proxy for indicating vigilance or social chills responses 
reported within listening experiences, and as a foundation for categorising experiences as being moved 
(social chills), awe (vigilance chills), or balanced (balanced chills), as reflected in Figure 2.  
 Across being moved, awe and balanced listening experiences, linear mixed effects models were 
used to explore any differences in ratings of familiarity with the stimulus, enjoyment and emotional 
intensity (ratings as dependent variable, three experience categories as fixed effect, and individual 
participants and pieces as random effects). With Bonferroni correction for multiple comparisons, no 
differences in ratings were found for familiarity (x2 = 0.56, df = 2, p = .75) or enjoyment (x2 = 1.47, df = 
2, p = .47), but for emotional intensity a significant difference across experience categories was found (x2 
= 8.52, df = 2, p = .014); post-hoc Tukey comparisons revealed that this difference was driven by higher 
emotional intensity ratings during experiences classified as being moved, compared to experiences of awe 




To address the second hypothesis (H2), namely that vigilance chills are accompanied by higher skin 
conductance and lower skin temperature levels compared to social chills, physiological activity was first 
correlated with moved-awe emotional index scores, to assess relationships between skin conductance or 
temperature with differing magnitudes of awe and being moved. An average physiological value was 
calculated across all chills reports for each participant, within each stimulus, and Spearman rank 
correlations were performed between this aggregated data and emotion ratings. Results revealed no clear 
relationships between moved-awe emotional index and tonic skin conductance (rs = .08, p = .24), phasic 
skin conductance (rs = -.11, p = .81), or skin temperature (rs = -.04, p = .35). These results suggest that 
changes in physiological activity were insensitive to differing magnitudes of moved-awe emotional index 
ratings. 
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 To accommodate the possibility that physiological activity is not strictly correlated with the 
magnitude of awe or being moved experiences, physiological activity was compared across the three 
chills categories derived from the moved-awe emotional index scores, namely vigilance, balanced and 
social categories (see Methods). For all psychophysiological measures, a linear mixed effects model was 
constructed (chills type fitted as fixed effect, with individual participant and stimulus fitted as random 
effects). Regarding tonic SCL, the model captured significant effects of chills type (x2 = 269.55, df = 2, p 
<.0001, R2 = .04); planned post-hoc comparisons, predicting that SCL would be higher in vigilance chills 
compared to social chills, suggested that this was the case (ß = -0.13, SE = 0.009, z = 13.78, p <.0001). 
When assessing phasic SCR during chills, a significant effect of chills type was found (x2 = 49.68, df = 2, 
p <.0001, R2 = .01); however, in contrast to tonic SCL, phasic SCR was significantly higher in social 
chills compared to vigilance chills (ß = -0.43, SE = 0.06, z = -6.55, p <.0001). Finally, regarding skin 
temperature, significant effects of chills type were found (x2 = 149.55, df = 2, p <.0001, R2 = .02); post-
hoc planned comparisons, predicting that skin temperature would be higher in social chills compared to 
vigilance chills, suggested that this prediction was correct, although this difference was marginally 
significant (ß = -0.007, SE = 0.003, z = -2.00, p = .044), and should be interpreted with caution. 
 These results partially support the second experimental hypothesis, with chills reported within 
stronger experiences of being moved accompanied by higher skin temperature and lower tonic SCL levels 
compared to chills reported within stronger awe experiences. Phasic SCR is a notable exception, although 
it must be noted that by visualising the average phasic SCR time-series (see Figure 3), there was a 
substantial peak in activity found in experiences of awe compared to being moved, but this occurred 
before the reported onset of chills; after the button press, phasic SCR activity appears more comparable 
across vigilance and social chills. Furthermore, correlational analyses suggest that physiological activity 
is insensitive to the intensity of awe or being moved experiences. Finally, whilst significant differences 
were reported, the estimated effects of chills type on physiological activity, evidenced through both 
marginal R2 calculations and standardised beta coefficients, seem small; however, there are likely many 
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other biological and experiential factors that determine physiological responses across individuals, and 
considering the use of unfamiliar stimuli in the current experiment, the results remain notable.  
 
 
Figure 3: Visualisation of mean differences in physiological activity (tonic SCL left, phasic SCR centre, 
skin temperature right) across chills types; top row represents mean differences from 4 seconds before 
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seconds before to 4 seconds after chills reports (shaded area reflects average standard error of values). 




The final hypothesis (H3) concerned the possible role of individual differences, mainly the empathising 
and systemising cognitive processing styles. It was predicted that systemisers would report stronger awe 
experiences, and empathisers would report more being moved responses, in turn reflecting the tendency to 
experience vigilance or social chills with music. Furthermore, it was predicted that systemisers would 
report more chills in vigilance conditions, with empathisers experiencing more chills in social conditions. 
To assess links between empathising-systemising and emotion ratings, spearman rank correlations were 
performed using the overall cognitive style scale (see Methods), with negative scores indicating stronger 
empathising tendencies, and positive scores reflecting systemising tendencies. However, no relationship 
was found between cognitive style and moved-awe emotional index scores (rs = .06, p = .18). To explore 
how cognitive style affected reported chills experiences in vigilance or social conditions, interaction 
effects were assessed between stimulus conditions and cognitive style on frequency of chills, reported in a 
general linear mixed effects model with poisson distribution; however, reflecting correlation results, there 
was no clear interaction between stimulus condition and cognitive style scores in determining frequency 
of reported chills (x2 = 0.31, df = 2, p = .85), indicating no immediate relationship between the 




The phenomenon of musical chills has been conceptualised as an indicator of peak pleasure or emotional 
arousal whilst listening (Rickard, 2004; Salimpoor et al., 2011), linked to musical features, individual 
differences, and listening contexts. Theories have been proposed to explain chills, including mechanisms 
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of vigilance, expectancy and auditory looming, or the role of empathy and social bonding processes. 
These perspectives are problematic and lack explanatory power when considered in isolation, due to 
several confounds in existing research: Firstly, chills are linked to plethora of musical and psychoacoustic 
features that can be understood from several theoretical perspectives; secondly, chills are associated 
inconsistently with psychophysiological and neurophysiological activity; thirdly, chills are not reliably 
predicted by individual personality traits of listeners; and finally, is it unclear how chills are best 
distinguished from reactions including tears and the autonomous sensory meridian response (ASMR). 
Consequently, a contemporary view suggests that chills may be more accurately characterised as a 
collection of phenomenologically distinct responses (Bannister, 2019, 2020a; Bannister & Eerola, 2018; 
Levinson, 2006; Maruskin et al., 2012; Panksepp, 1995; Pelowski et al., 2017), with varied underlying 
psychological mechanisms. The present study formalised and developed this approach, and empirically 
tested a specific distinction between vigilance chills, linked to threat-signalling goosebumps, vigilance 
and awe, and social chills experiences, linked to thermoregulatory goosebumps, social bonding, empathy 
and being moved. It was predicted that these distinct chills responses could be distinguished at the level of 
stimulus manipulation, subjective feelings, psychophysiological activity, and individual differences of 
listeners. 
 The current results support the existence of distinct musical chills responses: When the same 
musical stimuli are paired with extra-musical information or visual accompaniment emphasising 
structural developments in the music, emotional experiences are more strongly characterised as awe, 
whereas information or visual accompaniment emphasising narrative and social components results in 
stronger being moved states. When using reports of awe and being moved, through a moved-awe 
emotional index, to categorise chills into either vigilance, balanced or social types, it was found that 
vigilance chills demonstrate increased tonic skin conductance and decreased skin temperature compared 
to social chills. Interestingly, phasic skin conductance appeared to increase after social chills were 
reported by participants, compared to vigilance chills; however, this may be explained by the visualisation 
in Figure 3, showing that vigilance chills demonstrate a substantial peak in phasic skin conductance prior 
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to the chills report, with social chills showing no clear peaks. This peak leading up to chills has been 
reported several times (Salimpoor et al., 2009), sometimes labelled a ‘pre-chill’ (Wassiliwizky et al., 
2017a), and may reflect anticipatory or expectation mechanisms involved in some chills responses; this 
might explain why the phasic skin conductance peaks were apparent before vigilance chills reports but 
not social chills, possibly supporting the current study predictions more closely than results suggest. 
Regarding individual differences however, no clear relationships were found between chills experiences 
and systemising or emphasising scores; this might be because most neurotypically developing individuals 
are classified as having a balanced cognitive style (Greenberg et al., 2018), but future work on this topic 
could consider utilising an empathising-systemising measurement tool designed specifically for music 
(Kreutz et al., 2006).  
 The present data are some of the first to offer broad empirical evidence of a two-component 
theory of musical chills, and of systematic and predictable variations in musical chills responses, 
reflecting contemporary investigations on the phenomenon and musical experience more broadly. For 
example, the vigilance and social chills distinction resembles the ‘goosetingles’ and ‘coldshivers’ 
suggested by Maruskin et al. (2012); social bonding could be associated with approach behaviours, with 
vigilance processes linked to avoidance, although both may result in pleasure and enjoyment in aesthetic 
contexts, suggesting that that the chills distinction proposed by Maruskin et al. (2012) is not sufficiently 
nuanced to encapsulate aesthetic engagements. Additionally, current data might be conceptually 
comparable to a tentative distinction proposed between aesthetic ‘chills’, linked to resonance, flow and 
being moved, and aesthetic ‘thrills’, linked to awe and fear (Pelowski et al., 2017). Finally, these findings 
resonate somewhat with recent work on musical beauty (Omigie et al., 2019), that reported evidence of 
different types of beauty linked to interest (e.g. processing of musical structure) or empathy (e.g. 
connecting with social personas or narratives), although it is currently difficult to directly equate concepts 
of interest and empathy with vigilance and social perspectives of chills. 
 
Implications for Chills Research, Theory, and Underlying Mechanisms 
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The current experiment also has substantial implications for interpreting previous literature, performing 
future investigations, evaluating theoretical accounts of chills, and understanding underlying 
psychological mechanisms of music and emotion. 
 Firstly, the possibility of distinct musical chills experiences may result in significant 
reinterpretations and reassessments of previous investigations of the phenomenon. Most studies have 
approached musical chills without exploring their emotional qualities, which have been shown to vary 
substantially (Bannister, 2020a). Additionally, many studies utilise certain working definitions of chills, 
such as noting key physical reactions including goosebumps, shivers and tingling; however, tingles are 
currently difficult to capture objectively (Tihanyi et al., 2018), and only goosebumps have been 
objectively tied to self-reported chills responses (Benedek & Kaernbach, 2011; Craig, 2005; Wassiliwizky 
et al., 2017b), meaning that the definitional scope of chills requires serious discussion and debate. These 
factors, alongside previously noted inconsistencies across all aspects of musical chills research, suggest a 
problematic possibility, namely that extant research on chills has been assessing different types of 
experiences without explicit awareness. A scenario in which researchers investigate ‘musical chills’ that 
are psychologically distinct from those targeted by other researchers poses an obvious issue in 
interpreting and understanding correlational and causal data on the topic (Bannister & Eerola, 2018; 
Grewe et al., 2007a; Sloboda, 1991). The current data emphasise the need to better define the conceptual 
scope of musical chills, identify systematic variations across these responses, and apply this novel 
research perspective to existing and future investigations. 
 Secondly, this study has ramifications for existing theoretical accounts of musical chills. 
Vigilance theory, formalised here but postulated by Huron (Huron, 2006; Huron & Margulis, 2010), 
suggests that chills are elicited through fear, vigilance, surprise and expectations, resulting in threat -
signalling goosebumps and awe in pleasurable aesthetic contexts. A more recent, developing account is 
that of social bonding theory (Bannister, 2019, 2020a; Panksepp, 1995, 1998), in which musical chills are 
elicited through social bonding and empathic processes leading to intensified communal sharing relations, 
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resulting in thermoregulatory goosebumps and being moved whilst listening (Fiske et al., 2017; IJzerman 
et al., 2015). These perspectives were the foundations for the proposed chills distinction tested in the 
current experiment, with data supporting both theories through the manipulations of listening conditions, 
subjective feelings and physiological activity. Given the lack of causal research on musical chills, these 
findings represent novel evidence for the role of various psychological processes underlying the response, 
and whilst it is crucial to further elucidate the distinctions between musical chills, future investigations 
should also focus on extensively testing and characterising these theoretical accounts. For example, a 
pivotal question for understanding how music elicits chills is to what degree there is any mutual 
exclusivity between vigilance and social bonding processes during emotional responses whilst listening. 
The current experiment assessed vigilance and social chills as separable experiences based on various 
factors, but there are notable overlaps that will need to be examined further. For example, there is the 
conceptual overlap of awe and kama muta as two emotional states linked to prosocial processing (Fiske et 
al., 2017; Konečni, 2005; Menninghaus et al., 2015; Piff et al., 2015; Preston & Shin, 2017; Spears et al., 
2011; Stellar et al., 2018); there is also a duality surrounding moments of contrast in music (e.g. sudden 
dynamic changes), which seem capable of engaging vigilance and social mechanisms, depending on the 
circumstances and experimental approach. A further important question concerns whether the present 
two-component theory of musical chills can be applied across other aesthetic engagements, such as with 
visual art (Pelowski et al., 2017) or film (Hanich, Wagner, Shah, Jacobsen & Menninghaus, 2014). This 
possibility seems intuitive, given that chills occur in many aesthetic circumstances, and both the vigilance 
theory and social bonding theory described in this work are not domain-specific, derived instead from 
broader adaptive processes. However, it could be that certain art domains, depending on their overall 
qualities, are more biased towards eliciting particular chills experiences (for example, consider music that 
develops through time, and visual art that may not); to comprehensively understand the chills 
phenomenon, it will be important to further test theories and ideas across aesthetic engagements.  
 Finally, through better situating and characterising theoretical accounts in the musical chills 
context, there may be broader substantial impacts for understanding psychological mechanisms of music 
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and emotion (Juslin, 2013). Indeed, the current study raises important considerations for possible 
underlying mechanisms of music and emotion. In the BRECVEMA framework (Juslin, 2013; Juslin et al., 
2010; Juslin & Västfjäll, 2008), eight mechanisms have been proposed, ranging from brain stem reflexes, 
through rhythmic entrainment and emotional contagion, to visual imagery and episodic memory; 
however, these mechanisms are rarely causally tested, and it is difficult to identify these processes when 
they are each linked to several emotions or broad constructs such as arousal. Crucially, investigating 
musical chills in relation to theoretical accounts and processes underlying the response provides a unique 
emotional case study that helps to inform these broader frameworks. For example, social bonding and 
empathic mechanisms have been partially referenced through emotional contagion (Juslin & Västfjäll, 
2008), but have rarely been considered more directly in current research; consequently, little is known as 
to how emotions might be elicited by aspects such as the human voice, lyrics and ‘super-expressive’ 
instruments (Bannister, 2020a; Juslin, 2001). By inducing chills through emphasising social and narrative 
aspects of music, these mechanisms may be characterised and tested. Therefore, there is significant 
potential in developing these causal approaches to musical chills, such as developing sophisticated 
inferences regarding causal processes underlying music and emotion. 
 
Limitations and Conclusions 
 
There are several limitations to the current experiment. Firstly, it is difficult to bridge the gap between 
self-reported experience and individual chills reports from participants. Whilst subjective feelings were 
utilised as a proxy for categorising chills experiences, future research should aim to develop 
methodologies that more directly assess the moment-to-moment emotional qualities of the chills reported; 
for example, continuous measurements of experience may be employed (Bannister & Eerola, 2018). 
Secondly, the current study utilised two different methods of stimulus manipulation, with the visual 
accompaniment method creating audio-visual stimuli; discerning the emotional effects of audio, video 
and interactions between the two is complex, and presently there is reduced clarity regarding the effects 
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of music specifically. However, the method was included to diversify approaches to eliciting and 
separating vigilance and social chills, and given that the music used was consistent between vigilance and 
social animations, there is confidence that the visuals manipulated chills experiences by emphasising and 
combining with the qualities of the music. Using two manipulation methods was deemed a well-suited 
approach for the current study, performed as an investigation into a broad distinction between different 
musical chills experiences, and a first step to producing evidence for a two-component theory of the 
phenomenon. However, now that there is evidence for a predictable distinction between musical chills 
experiences, it will be crucial for future work to explore and evaluate the specific mechanisms and 
interactions between the music excerpts and manipulations such as providing extra-musical information 
(Miu & Baltes, 2012; Vuoskoski & Eerola, 2015) and using accompanying visual stimuli (Thompson et 
al., 2005; Thompson et al., 2008; Vuoskoski et al., 2014), in both chills research and broader work on 
music and emotion. 
 To conclude, the present experiment tested a novel hypothesis describing two types of musical 
chills, labelled vigilance chills and social chills; this was motivated by extensive inconsistencies in 
previous chills literature, and the inability of existing theories of the phenomenon to encapsulate the range 
of extant findings. Following evidence-based empirical predictions, this study confirmed the likelihood of 
distinct chills experiences, derived from two underlying theories based on vigilance or social bonding. 
Vigilance chills appear to be accompanied by feelings of awe, increased tonic skin conductance levels and 
decreased skin temperature; in contrast, social chills are linked to experiences of being moved, less 
pronounced skin conductance increases, and increases in skin temperature. In addition, these types of 
chills, when characterised by feelings of awe or being moved, can be predictably elicited through stimulus 
manipulations that emphasise structural or social aspects of music. Consequently, it may be essential to 
substantially reinterpret previous musical chills research, given the possibility that these studies have 
investigated psychologically distinct responses without being explicitly defined. Finally, the current 
experimental paradigm serves as a promising foundation for further assessing the prevailing theoretical 
Vigilance and Social Chills with Music 38 





The authors acknowledge that this research was funded by an Arts and Humanities Research Council 
(https://ahrc.ukri.org) doctoral studentship awarded to the first author (Grant number AH/L503927/1), 
through the Northern Bridge Doctoral Training Partnership. The funders had no role in the study design, 
data collection and analysis, decision to publish, or preparation of the manuscript.  
 
Data Availability Statement 
 
The datasets generated during and/or analysed during the current study are available from the 




Algoe, S., and Haidt, J. (2009). Witnessing excellence in action: The ‘other-praising’ emotions of 
elevation, gratitude, and admiration. Journal of Positive Psychology, 4(2), 105-127. Doi: 
10.1080/17439760802650519. 
 
Bannister, S. (2020a). A survey into the experience of musically induced chills: Emotions, situations and 
music. Psychology of Music, 48(2), 297-314. Doi: 10.1177/0305735618798024. 
 
Bannister, S. (2020b). A vigilance explanation of musical chills? Effects of loudness and brightness 
manipulations. Music and Science, 3, 1-17. Doi: 10.1177/2059204320915654. 
 
Bannister, S. (2019). Distinct varieties of aesthetic chills in response to multimedia. PLoS ONE, 14(11), 
e0224974. Doi: 10.1371/journal.pone.0224974. 
Vigilance and Social Chills with Music 39 
 
Bannister, S., and Eerola, T. (2018). Suppressing the chills: Effects of musical manipulation on the chills 
response. Frontiers in Psychology, 9: 2046. Doi: 10.3389/fpsyg.2018.02046. 
 
Aucouturier, J., and Canonne, C. (2017). Musical friends and foes: The social cognition of affiliation and 
control in improvised interactions. Cognition, 161, 94-108. Doi: 10.1016/j.cognition.2017.01.019. 
 
Bach, D., Neuhoff, J., Perrig, W., and Seifritz, E. (2009). Looming sounds as warning signals: The 
function of motion cues. International Journal of Psychophysiology, 74(1), 28-33. Doi: 
10.1016/j.ijpsycho.2009.06.004. 
 
Bach, D., Schächinger, H., Neuhoff, J., Esposito, F., Di Salle, F., Lehmann, C., … and Seifritz, E. (2008). 
Rising sound intensity: An intrinsic warning cue activating the amygdala. Cerebral Cortex, 18(1), 145-
150. Doi: 10.1093/cercor/bhm040. 
 
Baron-Cohen, S., and Wheelwright, S. (2004). The empathy quotient: An investigation of adults with 
Asperger syndrome or high functioning autism, and normal sex differences. Journal of Autism and 
Developmental Disorders, 34(2), 163-175. Doi: 10.1023/B:JADD.0000022607.19833.00. 
 
Barrett, E., and Davis, N. (2015). Autonomous sensory meridian response (ASMR): A flow-like mental 
state. PeerJ, 3: e851. Doi: 10.7717/peerj.851. 
 
Barton, K. (2018). Mumin: Multi-model inference. R package, version 1.42.1. 
 
Bates, D., Mächler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-effects models using 
lme4. Journal of Statistical Software, 67(1), 1-48. Doi: 10.18637/jss.v067.i01. 
 
Baumgartner, T., Esslen, M., and Jäncke, L. (2006). From emotion perception to emotion experience: 
Emotions evoked by pictures and classical music. International Journal of Psychophysiology, 60(1), 34-
43. Doi: 10.1016/j.ijpsycho.2005.04.007. 
 
Benedek, M., and Kaernbach, C. (2011). Physiological correlates and emotional specificity of human 
piloerection. Biological Psychology, 86(3), 320-329. Doi: 10.1016/j.biopsycho.2010.12.012. 
 
Vigilance and Social Chills with Music 40 
Benedek, M., and Kaernbach, C. (2010). A continuous measure of phasic electrodermal activity. Journal 
of Neuroscience Methods, 190(1-5), 80-91. Doi: 10.1016/j.jneumeth.2010.04.028. 
 
Blood, A., and Zatorre, R. (2001). Intensely pleasurable responses to music correlate with activity in brain 
regions implicated in reward and emotion. Proceedings of National Academy of Sciences, 98(20), 11818-
11823. Doi: 10.1073/pnas.191355898. 
 
Boucsein, W. (2012). Electrodermal activity. New York, NY: Plenum Press. 
 
Bradley, M., Codispoti, M., Cuthbert, B., and Lang, P. (2001). Emotion and motivation I: Defensive and 
appetitive reactions in picture processing. Emotion, 1(3), 276-298. Doi: 10.1037/1528-3542.1.3.276. 
 
Bradley, M., and Lang, P. (2000). Measuring emotion: Behaviour, feeling, and physiology. In R. Lane 
and L. Nadel (Eds.), Cognitive neuroscience of emotion (pp. 242-276). New York, NY: Oxford 
University Press. 
 
Bradley, M., Lang, P., and Cuthbert, B. (1993). Emotion, novelty, and the startle reflex: Habituation in 
humans. Behavioural Neuroscience, 107(6), 970-980. Doi: 10.1037/0735-7044.107.6.970. 
 
Burnham S. (2000). Beethoven hero. Princeton, NJ: Princeton University Press. 
 
Chartrand, T., and Bargh, J. (1999). The chameleon effect: The perception-behaviour link and social 
interaction. Journal of Personality and Social Psychology, 76(6), 893-910. Doi: 10.1037/0022-
3514.76.6.893. 
 
Chuen, L., Sears, D., and McAdams, S. (2016). Psychophysiological responses to auditory change. 
Psychophysiology, 53(6), 891-904. Doi: 10.1111/psyp.12633. 
 
Collet, C., Vernet-Maury, E., Delhomme, G., and Dittmar, A. (1997). Autonomic nervous system 
response patterns specificity to basic emotions. Journal of the Autonomic Nervous System, 62(1-2), 45-57. 
Doi: 10.1016/S0165-1838(96)00108-7. 
 
Vigilance and Social Chills with Music 41 
Colver, M., and El-Alayli, A. (2016). Getting aesthetic chills from music: The connection between 
openness to experience and frisson. Psychology of Music, 44(3), 413-427. Doi: 
10.1177/0305735615572358. 
 
Cova, F., and Deonna, J. (2014). Being moved. Philosophical Studies: An International Journal for 
Philosophy in the Analytic Tradition, 169(3), 447-466. Doi: 10.1007/s11098-013-0192-9. 
 
Craig, D. (2005). An exploratory study physiological changes during “chills” induced by music. Musicae 
Scientiae, 9(2), 273-287. Doi: 10.1177/102986490500900207. 
 
Curwen, C. (2018). Music-colour synaesthesia: Concept, context and qualia. Consciousness and 
Cognition, 61, 94-106. Doi: 10.1016/j.concog.2018.04.005. 
 
Darwin, C. (1872). The expression of emotions in man and animals. London, UK: John Murray.  
 
del Campo, M., and Kehle, T. (2016). Autonomous sensory meridian response (ASMR) and frisson: 
Mindfully induced sensory phenomena that promote happiness. International Journal of School and 
Educational Psychology, 4(2), 99-105. Doi: 10.1080/21683603.2016.1130582. 
 
Eerola, T., and Vuoskoski, J. (2011). A comparison of the discrete and dimensional models of emotion in 
music. Psychology of Music, 39(1), 18-49. Doi: 10.1177/0305735610362821. 
 
Egermann, H., Pearce, M., Wiggins, G., and McAdams, S. (2013). Probabilistic models of expectation 
violation predict psychophysiological emotional responses to live concert music. Cognitive, Affective, and 
Behavioural Neuroscience, 13(3), 533-553. Doi: 10.3758/s13415-013-0161-y. 
 
Egermann, H., Sutherland, M., Grewe, O., Nagel, F., Kopiez, R., and Altenmüller, E. (2011). Does music 
listening in a social context alter experience? A physiological and psychological perspective on emotion. 
Musicae Scientiae, 15(3), 307-323. Doi: 10.1177/1029864911399497. 
 
Ekman, P., Levenson, R., and Friesen, W. (1983). Autonomic nervous system activity distinguishes 
among emotions. Science, 221(4616), 1208-1210. Doi: 10.1126/science.6612338. 
 
Vigilance and Social Chills with Music 42 
Felder, R., and Silverman, L. (1988). Learning and teaching styles in engineering education. Engineering 
Education, 78(7), 674-681. 
 
Ferreri, L., Mas-Herrero, E., Zatorre, R., Ripollés, P., Gomez-Andres, A., Alicart, H., … Rodriguez-
Fornells, A. (2019). Dopamine modulates the reward experiences elicited by music. Proceedings of the 
National Academy of Sciences, 116(9), 3793-3798. Doi: 10.1073/pnas.1811878116. 
 
Fiske, A., Seibt, B., and Schubert, T. (2017). The sudden devotion emotion: Kama Muta and the cultural 
practices whose function it is to evoke it. Emotion Review, 11(1), 74-86. Doi: 
10.1177/1754073917723167. 
 
Frijda, N. (1986). The emotions. New York, NY: Cambridge University Press. 
 
Fukui, H., and Toyoshima, K. (2014). Chill-inducing music enhances altruism in humans. Frontiers in 
Psychology, 5: 1215. Doi: 10.3389/fpsyg.2014.01215. 
 
Gabrielsson, A. (2011). Strong experiences with music: Music is much more than just music. Oxford, UK: 
Oxford University Press. 
 
Ghazanfar, A., Neuhoff, J., and Logothetis, N. (2002). Auditory looming perception in rhesus monkeys. 
Proceedings of the National Academy of Sciences, 99(24), 15755-15757. Doi: 10.1073/pnas.242469699. 
 
Gordon, A., Stellar, J., Anderson, C., McNeil, G., Loew, D., and Keltner, D. (2016). The dark side of the 
sublime: Distinguishing a threat-based variant of awe. Journal of Personality and Social Psychology, 
113(2), 310-328. Doi: 10.1037/pspp0000120. 
 
Graesser, A., Singer, M., and Trabasso, T. (1994). Constructing inferences during narrative text 
comprehension. Psychological Review, 101(3), 371-395. Doi: 10.1037/0033-295X.101.3.371. 
 
Greenberg, D., Warrier, V., Allison, C., and Baron-Cohen, S. (2018). Testing the empathising-
systemising theory of sex differences and the extreme male brain theory of autism in half a million 
people. Proceedings of the National Academy of Sciences, 115(48), 12152-12157. Doi: 
10.1073/pnas.1811032115. 
 
Vigilance and Social Chills with Music 43 
Grewe, O., Katzur, B., Kopiez, R., and Altenmüller, E. (2010). Chills in different sensory domains: 
Frisson elicited by acoustical, visual, tactile and gustatory stimuli. Psychology of Music, 39(2), 220-239. 
Doi: 10.1177/0305735610362950. 
 
Grewe, O., Kopiez, R., and Altenmüller, E. (2009). The chill parameter: Goosebumps and shivers as 
promising measures in emotion research. Music Perception: An Interdisciplinary Journal, 27(1), 61-74. 
Doi: 10.1525/mp.2009.27.1.61. 
 
Grewe, O., Nagel, F., Kopiez, R., and Altenmüller, E. (2007). Listening to music as a re-creative process: 
Physiological, psychological, and psychoacoustical correlates of chills and strong emotions. Music 
Perception: An Interdisciplinary Journal, 24(3), 297-314. Doi: 10.1525/mp.2007.24.3.297. 
 
Guhn, M., Hamm, A., and Zentner, M. (2007). Physiological and musico-acoustic correlates of the chills 
response. Music Perception: An Interdisciplinary Journal, 24(5), 473-484. Doi: 
10.1525/mp.2007.24.5.473. 
 
Halpern, D., Blake, R., and Hillenbrand, J. (1986). Psychoacoustics of a chilling sound. Perception and 
Psychophysics, 39(2), 77-80. Doi: 10.3758/BF03211488. 
 
Hanich, J., Wagner, V., Shah, M., Jacobsen, T., and Menninghaus, W. (2014). Why we like to watch sad 
films. The pleasure of being moved in aesthetic experiences. Psychology of Aesthetics, Creativity and the 
Arts, 8(2), 130-143. Doi: 10.1037/a0035690. 
 
Huron, D. (2006). Sweet anticipation: Music and the psychology of expectation. Cambridge, MA: The 
MIT Press. 
 
Huron, D., and Margulis, E. (2010). Musical expectancy and thrills. In P. Juslin and J. Sloboda (Eds.), 
Handbook of music and emotion: Theory, research, applications (pp. 575-604). Oxford, UK: Oxford 
University Press. 
 
IJzerman, H., Coan, J., Wagemans, F., Missler, M., Beest, I., Lindenberg, S., and Tops, M. (2015). A 
theory of social thermoregulation in human primates. Frontiers in Psychology, 6: 464. Doi: 
10.3389/fpsyg.2015.00464. 
 
Vigilance and Social Chills with Music 44 
IJzerman, H., Gallucci, M., Pouw, W., Weißgerber, S., Van Doesum, J., and Williams, K. (2012). Cold-
blooded loneliness: Social exclusion leads to lower skin temperatures. Acta Psychologica, 140(3), 283-
288. Doi: 10.1016/j.actpsy.2012.05.002. 
 
Inagaki, T., and Eisenberger, N. (2013). Shared neural mechanisms underlying social warmth and 
physical warmth. Psychological Science, 24(11), 2272-2280. Doi: 10.1177/0956797613492773. 
 
Inagaki, T., and Human, L. (2019). Physical and social warmth: Warmer daily body temperature is 
associated with greater feelings of social connection. Emotion [Online First Publication]. Doi: 
10.1037/emo0000618. 
 
Izard, C. (1977). Human emotions. New York, NY: Plenum Press. 
 
Juslin, P. (2013). From everyday emotions to aesthetic emotions: Towards a unified theory of musical 
emotions. Physics of Life Reviews, 10(3), 235-266. Doi: 10.1016/j.plrev.2013.05.008. 
 
Juslin, P. (2001). Communicating emotion in music performance: A review and a theoretical framework. 
In P. Juslin and J. Sloboda (Eds.), Music and emotion: Theory and research (pp. 309-337). Oxford, UK: 
Oxford University Press. 
 
Juslin, P., Barradas, G., and Eerola, T. (2015). From sound to significance: Exploring the mechanisms 
underlying emotional reactions to music. The American Journal of Psychology, 128(3), 281-304. Doi: 
10.5406/amerjpsyc.128.3.0281. 
 
Juslin, P., Harmat, L., and Eerola, T. (2014). What makes music emotionally significant? Exploring the 
underlying mechanisms. Psychology of Music, 42(4), 599-623. Doi: 10.1177/0305735613484548. 
 
Juslin, P., Liljeström, S., Västfjäll, D., and Lunqvist, L-O. (2010). How does music evoke emotions? 
Exploring the underlying mechanisms. In P. Juslin and J. Sloboda (Eds.), Handbook of music and 
emotion: Theory, research, applications (pp. 605-642). Oxford, UK: Oxford University Press. 
 
Juslin, P., and Västfjäll, D. (2008). Emotional responses to music: The need to consider underlying 
mechanisms. Behavioural and Brain Sciences, 31(5), 559-575. Doi: 10.1017/S0140525X08005293. 
 
Vigilance and Social Chills with Music 45 
Kang, Y., Williams, L., Clark, M., Gray, J., and Bargh, J. (2011). Physical temperature effects on trust 
behaviour: The role of insula. Social Cognitive and Affective Neuroscience, 6(4), 507-515. Doi: 
10.1093/scan/nsq077. 
 
Keltner, D., and Haidt, J. (2003). Approaching awe, a moral, spiritual, and aesthetic emotion. Cognition 
and Emotion, 17(2), 297-314. Doi: 10.1080/02699930302297. 
 
Khalfa, S., Peretz, I., Blondin, J-P., and Manon, R. (2002). Event-related skin conductance responses to 
musical emotions in humans. Neuroscience Letters, 328(2), 145-149. Doi: 10.1016/S0304-
3940(02)00462-7. 
 
Koelsch, S., Kilches, S., Steinbeis, N., and Schelinski, S. (2008). Effects of unexpected chords and of 
performer’s expression on brain responses and electrodermal activity. PLoS ONE, 3(7): e2631. Doi: 
10.1371/journal.pone.0002631. 
 
Konečni, V. (2005). The aesthetic trinity: Awe, being moved, thrills. Bulletin of Psychology and the Arts, 
5(2), 27-44.  
 
Kovacevich, A., and Huron, D. (2019). Two studies of autonomous sensory meridian response (ASMR): 
The relationship between ASMR and music-induced frisson. Empirical Musicology Review, 13(1-2), 39-
63. Doi: 10.18061/emr.v13i1-2.6012. 
 
Krumhansl, C. (1997). An exploratory study of musical emotions and psychophysiology. Canadian 
Journal of Experimental Psychology, 51(4), 336-353. Doi: 10.1037/1196-1961.51.4.336. 
 
Kuehnast, M., Wagner, V., Wassiliwizky, E., Jacobsen, T., and Menninghaus, W. (2014). Being moved: 
Linguistic representation and conceptual structure. Frontiers in Psychology, 5: 1242. Doi: 
10.3389/fpsyg.2014.01242. 
 
Laeng, B., Eidet, L., Sulutvedt, U., and Panksepp, J. (2016). Music chills: The eye pupil as a mirror to 
music’s soul. Consciousness and Cognition, 44, 161-178. Doi: 10.1016/j.concog.2016.07.009. 
 
Levinson, J. (2006). Contemplating art: Essays in aesthetics. Oxford, UK: Clarendon Press. 
 
Vigilance and Social Chills with Music 46 
Lundqvist, L-O., Carlsson, F., Hilmersson, P., and Juslin, P. (2009). Emotional responses to music: 
Experience, expression, and physiology. Psychology of Music, 37(1), 61-90. Doi: 
10.1177/0305735607086048. 
 
Margulis, E. (2017). An exploratory study of narrative experiences of music. Music Perception: An 
Interdisciplinary Journal, 35(2), 235-248. Doi: 10.1525/mp.2017.35.2.235. 
 
Maruskin, L., Thrash, T., and Elliot, A. (2012). The chills as a psychological construct: Content universe, 
factor structure, affective composition, elicitors, trait antecedents, and consequences. Journal of 
Personality and Social Psychology, 103(1), 135-157. Doi: 10.1037/a0028117. 
 
McCrae, R. (2007). Aesthetic chills as a universal marker of openness to experience. Motivation and 
Emotion, 31(1), 5-11. Doi: 10.1007/s11031-007-9053-1. 
 
Menninghaus, W., Wagner, V., Hanich, J., Wassiliwizky, E., Kuehnast, M., and Jacobsen, T. (2015). 
Towards a psychological construct of being moved. PLoS ONE, 10(6): e0128451. Doi: 
10.1371/journal.pone.0128451. 
 
Miu, A., and Balteş, F. (2012). Empathy manipulation impacts music-induced emotions: A 
psychophysiological study on opera. PLoS ONE, 7(1): e30618. Doi: 10.1371/journal.pone.0030618. 
 
Mori, K., and Iwanaga, M. (2017). Two types of peak emotional responses to music: The 
psychophysiology of chills and tears. Scientific Reports, 7: 46063. Doi: 10.1038/srep46063. 
 
Nagel, F., Kopiez, R., Grewe, O., and Altenmüller, E. (2008). Psychoacoustical correlates of musically 
induced chills. Musicae Scientiae, 12(1), 101-113. Doi: 10.1177/102986490801200106. 
 
Nakagawa, S., and Schielzeth, H. (2013). A general and simple method for obtaining R2 from generalised 
linear mixed-effects models. Methods in Ecology and Evolution, 4(2), 133-142. Doi: 10.1111/j.2041-
210x.2012.00261.x. 
 
Nelson, E., and Panksepp, J. (1998). Brain substrates of infant-mother attachment: Contribution of 
opioids, oxytocin, and norepinephrine. Neuroscience and Biobehavioural Reviews, 22(3), 437-452. Doi: 
10.1016/S0149-7634(97)00052-3. 
Vigilance and Social Chills with Music 47 
 
Neuhoff, J. (2001). An adaptive bias in the perception of looming auditory motion. Ecological 
Psychology, 13(2), 87-110. Doi: 10.1207/S15326969ECO1302_2. 
 
Nummenmaa, L., Hari, R., Hietanen, J., and Glerean, E. (2018). Maps of subjective feelings. Proceedings 
of the National Academy of Sciences, 115(37), 9198-9203. Doi: 10.1073/pnas.1807390115. 
 
Nusbaum, E., and Silvia, P. (2011). Shivers and timbres: Personality and the experience of chills from 
music. Social Psychological and Personality Science, 2(2), 199-204. Doi: 10.1177/1948550610386810. 
 
Nusbaum, E., Silvia, P., Beaty, R., Burgin, C., Hodges, D., and Kwapil, T. (2014). Listening between the 
notes: Aesthetic chills in everyday music listening. Psychology of Aesthetics, Creativity, and the Arts, 
8(1), 104-109. Doi: 10.1037/a0034867. 
 
Olsen, K., and Stevens, C. (2013). Psychophysiological response to acoustic intensity change in a musical 
chord. Journal of Psychophysiology, 27(1), 16-26. Doi: 10.1027/0269-8803/a000082. 
 
Omigie, D., Frieler, K., Bär, C., Muralikrishnan, R., Wald-Fuhrmann, M., and Fischinger, T. (2019). 
Experiencing musical beauty: Emotional subtypes and their physiological and musico-acoustic correlates. 
Psychology of Aesthetics, Creativity and the Arts, Advance online publication. Doi: 10.1037/aca0000271. 
 
Ou, L., Luo, M., Woodcock, A., and Wright, A. (2004). A study of colour emotion and colour preference. 
Part 1: Colour emotions for single colours. Colour Research and Application, 29(3), 232-240. Doi: 
10.1002/col.20010. 
 
Panksepp, J. (1998). Affective neuroscience: The foundations of human and animal emotions. New York, 
NY: Oxford University Press. 
 
Panksepp, J. (1995). The emotional sources of “chills” induced by music. Music Perception: An 
Interdisciplinary Journal, 13(2), 171-207. Doi: 10.2307/40285693. 
 
Panksepp, J., and Bernatzky, G. (2002). Emotional sounds and the brain: The neuro-affective foundations 
of musical appreciation. Behavioural Processes, 60(2), 133-155. Doi: 10.1016/S0376-6357(02)00080-3. 
 
Vigilance and Social Chills with Music 48 
Panksepp, J., Knuson, B., and Pruitt, D. (1998). Toward a neuroscience of emotion: The epigenetic 
foundations of emotional development. In M. Mascolo and S. Griffin (Eds.), Emotion, personality, and 
psychotherapy. What develops in emotional development? (pp. 53-84). New York, NY: Plenum Press.  
 
Pelowski, M., Markey, P., Forster, M., Gerger, G., and Leder, H. (2017). Move me, astonish me…Delight 
my eyes and brain: The Vienna Integrated Model of top-down and bottom-up processes in Art Perception 
(VIMAP) and corresponding affective, evaluative, and neurophysiological correlates. Physics of Life 
Reviews, 21, 80-125. Doi: 10.1016/j.plrev.2017.02.003. 
 
Piff, P., Dietze, P., Feinberg, M., Stancato, D., and Keltner, D. (2015). Awe, the small self, and prosocial 
behaviour. Journal of Personality and Social Psychology, 108(6), 883-899. DOi: 10.1037/pspi0000018. 
 
Poerio, G., Blakey, E., Hostler, T., and Veltri, T. (2018). More than a feeling: Autonomous sensory 
meridian response (ASMR) is characterised by reliable changes in affect and physiology. PLoS ONE, 
13(6): e0196645. Doi: 10.1371/journal.pone.0196645. 
 
Preston, J., and Shin, F. (2017). Spiritual experiences evoke awe through the small self in both religious 
and non-religious individuals. Journal of Experimental Social Psychology, 70, 212-221. Doi: 
10.1016/j.jesp.2016.11.006. 
 
Rickard, N. (2004). Intense emotional responses to music: A test of the physiological arousal hypothesis. 
Psychology of Music, 32(4), 371-388. Doi: 10.1177/0305735604046096. 
 
Robinson, J., and Hatten, R. (2012). Emotions in music. Music Theory Spectrum, 34(2), 71-106. Doi: 
10.1525/mts.2012.34.2.71. 
 
Salimpoor, V., Benovoy, M., Larcher, K., Dagher, A., and Zatorre, R. (2011). Anatomically distinct 
dopamine release during anticipation and experience of peak emotion to music. Nature Neuroscience, 
14(2), 257-262. Doi: 10.1038/nn.2726. 
 
Salimpoor, V., Benovoy, M., Longo, G., Cooperstock, J., and Zatorre, R. (2009). The rewarding aspects 
of music listening are related to degree of emotional arousal. PLoS ONE, 4(10), e7487. Doi: 
10.1371/journal.pone.0007487. 
 
Vigilance and Social Chills with Music 49 
Schubert, T., Zickfeld, J., Seibt, B., and Fiske, A. (2018). Moment-to-moment changes in feeling moved 
match changes in closeness, tears, goosebumps, and warmth: Time-series analyses. Cognition and 
Emotion, 32(1), 174-184. Doi: 10.1080/02699931.2016.1268998. 
 
Schurtz, D., Blincoe, S., Smith, R., Powell, C., Combs, D., and Kim, S. (2012). Exploring the social 
aspects of goosebumps and their role in awe and envy. Motivation and Emotion, 36(2), 205-217. Doi: 
10.1007/s11031-011-9243-8. 
 
Shiota, M., Campos, B., and Keltner, D. (2003). The faces of positive emotion: Prototype displays of awe, 
amusement, and pride. Annals of the New York Academy of Sciences, 1000(1), 296-299. Doi: 
10.1196/annals.1280.029. 
 
Shiota, M., Keltner, D., and Mossman, A. (2007). The nature of awe: Elicitors, appraisals, and effects on 
self-concept. Cognition and Emotion, 21(5), 944-963. Doi: 10.1080/02699930600923668. 
 
Sloboda, J. (1991). Music structure and emotional response: Some empirical findings. Psychology of 
Music, 19(2), 110-120. Doi: 10.1177/0305735691192002. 
 
Starcke, K., von Georgi, R., Tiihonen, T., Laczika, K-F., and Reuter, C. (2019). Don’t drink and chill: 
Effects of alcohol on subjective and physiological reactions during music listening and their relationships 
with personality and listening habits. International Journal of Psychophysiology, 142, 25-32. Doi: 
10.1016/j.ijpsycho.2019.06.001. 
 
Spears, R., Leach, C., van Zomeren, M., Ispas, A., Sweetman, J., and Tausch, N. (2011). Intergroup 
emotions: More than the sum of the parts. In I. Nyklíček, A. Vingerhoets and M. Zeelenberg (Eds.), 
Emotion regulation and well-being (pp. 121-145). New York, NY: Springer. 
 
Sumpf, M., Jentschke, S., and Koelsch, S. (2015). Effects of aesthetic chills on a cardiac signature of 
emotionality. PLoS ONE, 10(6), e0130117. Doi: 10.1371/journal.pone.0130117. 
 
Steinbeis, N., Koelsch, S., and Sloboda, J. (2006). The role of harmonic expectancy violations in musical 
emotions: Evidence from subjective, physiological, and neural responses. Journal of Cognitive 
Neuroscience, 18(8), 1380-1393. Doi: 10.1162/jocn.2006.18.8.1380. 
 
Vigilance and Social Chills with Music 50 
Stellar, J., Gordon, A., Anderson, C., Piff, P., McNeil, G., and Keltner, D. (2018). Awe and humility. 
Journal of Personality and Social Psychology, 114(2), 258-269. Doi: 10.1037/pspi0000109. 
 
Thompson, W., Graham, P., and Russo, F. (2005). Seeing music performance: Visual influences on 
perception and experience. Semiotica, 156, 203-227. Doi: 10.1515/semi.2005.2005.156.203. 
 
Thompson, W., Russo, F., and Quinto, L. (2008). Audio-visual integration of emotional cues in song. 
Cognition and Emotion, 22(8), 1457-1470. Doi: 10.1080/02699930701813974. 
 
Tihanyi, B., Ferentzi, E., Beissner, F., and Köteles, F. (2018). The neuropsychophysiology of tingling. 
Consciousness and Cognition, 58, 97-110. Doi: 10.1016/j.concog.2017.10.015. 
 
Tokaji, A. (2003). Research for determinant factors and features of emotional responses of “kandoh” (the 
state of being emotionally moved). Japanese Psychologyical Research, 45(4), 235-249. Doi: 
10.1111/1468-5884.00226. 
 
Vos, P., De Cock, P., Munde, V., Petry, K., and Van Dem Noortgate, W. (2012). The tell-tale: What do 
heart rate, skin temperature and skin conductance reveal about emotions of people with severe and 
profound intellectual disabilities? Research in Developmental Disabilities, 33, 1117-1127. Doi: 
10.1016/j.ridd.2012.02.006. 
 
Vuoskoski, J., and Eerola, T. (2017). The pleasure evoked by sad music is mediated by feelings of being 
moved. Frontiers in Psychology, 8: 439. Doi: 10.3389/fpsyg.2017.00439. 
 
Vuoskoski, J., and Eerola, T. (2015). Extramusical information contributes to emotions induced by music. 
Psychology of Music, 43(2), 262-274. Doi: 10.1177/0305735613502373. 
 
Vuoskoski, J., Thompson, M., Clarke, E., and Spence, C. (2014). Crossmodal interactions in the 
perception of expressivity in musical performance. Attention, Perception, and Psychophysics, 76, 591-
604. Doi: 10.3758/s13414-013-0582-2. 
 
Wallin, B. (1981). Sympathetic nervous system activity, electrodermal and cardiovascular reactions in 
man. Psychophysiology, 18(4), 470-476. Doi: 10.1111/j.1469-8986.1981.tb02483.x. 
 
Vigilance and Social Chills with Music 51 
Wassiliwizky, E., Jacobsen, T., Heinrich, J., Schneiderbauer, M., and Menninghaus, W. (2017b). Tears 
falling on goosebumps: Co-occurrence of emotional lacrimation and emotional piloerection indicates a 
psychophysiological climax in emotional arousal. Frontiers in Psychology, 8: 41. Doi: 
10.3389/fpsyg.2017.00041. 
 
Wassiliwizky, E., Koelsch, S., Wagner, V., Jacobsen, T., and Menninghaus, W. (2017a). The emotional 
power of poetry: Neural circuitry, psychophysiology, and compositional principles. Social Cognitive and 
Affective Neuroscience, 12(8), 1229-1240. Doi: 10.1093/scan/nsx069. 
 
Wassiliwizky, E., Wagner, V., Jacobsen, T., and Menninghaus, W. (2015). Art -elicited chills indicate 
states of being moved. Psychology of Aesthetics, Creativity, and the Arts, 9(4), 405-416. Doi: 
10.1037/aca0000023. 
 
Wheelwright, S., Baron-Cohen, S., Goldenfield, N., Delaney, J., Fine, D., Smith, R., … and 
Wakabayashi, A. (2006). Predicting autism spectrum quotient (AQ) from the systemising quotient -revise 
(SQ-R) and empathy quotient (EQ). Brain Research, 1079(1), 47-56. Doi: 
10.1016/j.brainres.2006.01.012. 
 
Yaden, D., Kaufman, S., Hyde, E., Chirico, A., Gaggioli, A., Zhang, J., and Keltner, D. (2019). The 
development of the Awe Experience Scale (AWE-S): A multifactorial measure for a complex emotion. 
The Journal of Positive Psychology, 14(4), 474-488. Doi: 10.1080/17439760.2018.1484940. 
 
Zhong, C., and Leonardelli, G. (2008). Cold and lonely: Does social exclusion literally feel cold? 
Psychological Science, 19(9), 838-842. Doi: 10.1111/j.1467-9280.2008.02165.x. 
 
Zickfeld, J., Arriaga, P., Santos, S., Schubert, T., and Seibt, B. (2020). Tears of joy, aesthetic chills and 
heartwarming feelings: Physiological correlates of kama muta. Psychophysiology (Online First 
publication). Doi: 10.1111/psyp.13662. 
 
Zickfeld, J., Schubert, T., Seibt, B., Blomster, J., Arriaga, P., Basabe, N., … and Fiske, A. (2019). Kama 
muta: Conceptualising and measuring the experience often labelled being moved across 19 nations and 15 
languages. Emotion, 19(3), 402-424. Doi: 10.1037/emo0000450. 
 
Vigilance and Social Chills with Music 52 
Zickfeld, J., Schubert, T., Seibt, B., and Fiske, A. (2017). Empathic concern is part of a more general 
communal emotion. Frontiers in Psychology, 8: 723. Doi: 10.1037/t01093-000. 
 
 
 
 
